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A B S T R A C T  
With pay-per-use pricing models, elastic scaling of resources, and the use of 
shared virtualized infrastructures, cloud computing offers more efficient use of 
capital and agility. To leverage the advantages of cloud computing, 
organizations have to introduce cloud-specific chargeback practices. 
Organizations have to allocate IT service costs to business users in a way that 
reflects service consumption. To help organizations become effective users of 
cloud services, this article provides an overview of the factors that influence 
chargeback in the cloud services. This is an initial work that determines the 
factors influencing the chargeback in the cloud services. The findings of this 
research facilitate organizations to realize the implications of the cloud for their 
chargeback . 

 1. INTRODUCTION  
In Information Technology (IT) management, chargeback refers to the practice of 
charging the costs of IT back to the different departments and business units that use 
IT [1–3]. Chargeback makes service consumers aware of the costs of IT and is 
generally used to control escalating IT costs, improve decision making, align 
behavior with organizational goals, and facilitate a more effective use of IT [4]. 
Chargeback models can be described as having a delivery and a consumption side. 
The delivery side represents a producer, such as processing power or a VPN 
connection [2], whereas a consumption side is a department using a service or good 
[2,5], such as bandwidth or hardware expenditure. However, in comparison to 
chargeback for physical products, chargeback for intangible products is still poorly 
understood by many organizations [2,3] and is rarely applied to their advantage. 
Because of this, there is a lack of successful chargeback models that are well aligned 
with organizational objectives, and are clear and acceptable to all the involved 
stakeholders [6] . 
To make the situation more complicated, organizations are adopting cloud 
computing. With pay-per-use pricing models, elastic scaling of resources, and the 
usage of shared virtualized infrastructure, the cloud fundamentally changes the 
economics of IT [7] . 
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It enables more efficient use of capital, great cost reductions, and facilitates 
flexibility. However, to fully leverage those benefits organizations also need to 
employ appropriate form of pay-per-use based chargeback, something that is seldom 
done in the current chargeback practices [8]. Let alone the chargeback regarding the 
temporary provisioning of additional CPUs and the allocation of several megabytes 
of RAM . 
Failure to allocate cloud-based costs in a per-use manner can lead to an explosion of 
unnecessary consumption that can offset the cost reductions and to an inability to 
leverage the business advantage offered by flexible pricing [8]. The current 
chargeback models are oriented towards more traditional IT environments in which 
costs do not vary with usage. This allows for relatively simple chargeback models 
that are easy to understand by those being charged. With cloud computing, 
chargeback models become inherently more complex and opaque for the consumers. 
To the best of our knowledge, there are no cloud related chargeback models and the 
underlying factors reported in literature. Hence, there is a need to determine the 
factors that influence the chargeback in cloud computing environment. This leads to 
the formulation of the following research question: Which factors influence the 
chargeback of cloud services? The research in this article identifies the factors that 
influence the chargeback for cloud services on the consumption side. We use 
empirical research methods to determine the factors that influence the chargeback for 
the cloud services. In particular, we employ three approaches. Initially, a systematic 
literature review is performed to identify the factors reported in the literature. 
Subsequently, twenty-five semi-structured interviews with chargeback specialists are 
held to identify new factors for chargeback and to evaluate the findings of the 
systematic literature review. Finally, the findings are validated through in-depth 
interviews and six workshops . 
From the systematic literature review, five factors are determined and from the 
expert interviews four additional factors are determined. The factors are consolidated 
to a single list of factors that influence chargeback in the cloud. To further validate 
the findings, we conducted two evaluation interviews and a series of focused 
workshops, in which chargeback experts review the findings of the research . 
The overall findings of the research can be summarized with the following 
contributions: (i) This article provides a list of factors influencing the chargeback for 
cloud services as a pioneering work in the chargeback domain . 
(ii) This research facilitates organizations to realize the implications of the cloud for 
their chargeback and how to improve chargeback in cloud services . 
This article is structured as follows: Section 2 presents the theoretical background of 
this research, Section 3 details the research methods applied, Section 4 describes the 
results and Section 5 presents the discussion of the finding and the threats to validity 
of the research. Finally, the article concludes in Section 6 with recommendation for 
future work . 

2. THEORETICAL BACKGROUND  
In the following sub-sections, we briefly discuss the theoretical background to 
position this research . 

2.1. Cloud computing  
In this research, we have adopted the definition of cloud computing from NIST [9] 
as: ‘‘Cloud computing is a model for enabling convenient, on-demand network 
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access to a shared pool of configurable computing resources (e.g., networks, servers, 
storage, applications, and services) that can be rapidly provisioned and released with 
minimal management effort or service provider interaction . 
This cloud model promotes availability and is composed of five essential 
characteristics, three service models, and four deployment models’’. This definition 
provides a clear overview of what the cloud entails and provides three service models 
namely: (i) Software as a Service (SaaS), (ii) Platform as a Service (PaaS), and (iii) 
Infrastructure as a service (IaaS). Table 1 lists the characteristics of cloud computing 
. 
These characteristics are especially interesting for cloud chargeback as they 
differentiate the cloud from traditional IT which in turn influences revenue - and thus 
cost - models . 
Two high level business advantages of the cloud are relevant for understanding 
impact of cloud computing on chargeback. First, the cloud offers substantial cost 
reductions that are enabled by efficient utilization of resources due to virtualization, 
efficient use of capital due to pay-per-use, automation, standardization, and self-
service [7,10]. Second, the cloud also offers business flexibility, because of the pay-
per-use models and the characteristics near instant scalability and flexibility, and 
near instantaneous provisioning [10,11], which allows for accurate metering and 
charging of the used resources, without fixed costs. This implies that users that have 
peak usage, i.e. short moments in time with intensive use followed by longer periods 
of low use, users pay only for peak usage when they need it. This avoids significant 
investments in capital to be able to service those peak moments which will remain 
dormant most of the time as the capacity is not needed in slower periods. As the 
cloud allows for automatic elasticity, there should be no user involvement nor lag in 
up and down scaling . 

2.2. Chargeback models  
Chargeback models are presented under a variety of names such as chargeback 
systems [4,12,13], chargeback practices [2], and chargeback approaches [14–16]. 
However, they all tend to comprise the same concepts, without precisely defining 
them. According to the notion used behind these terms of chargeback [2,3,15,5, 
17,18], ‘‘chargeback for cloud services’’ can be defined as the process of allocating 
the costs of the cloud services that an organization procures to the organizational 
units using those services. A chargeback model in general is a conceptual 
representation of how the costs are allocated to the organizational units using those 
services . 
Regardless of the terminology, chargeback is mainly recognized as a means of IT 
governance [2,5] that enables IT cost reductions . 
On the consumption side, it makes users cost-aware and results in a more cost-
efficient choice of services [2,19]. On the delivery side, increased understanding of 
service costs facilitates more effective IT investment and provisioning decisions 
[4,12]. Table 2 provides various types and definition of chargeback reported in 
literature . 
As is evidenced by the list presented in Table 2, the types of chargeback models do 
not have the same structure and scope . 
Some of the models deal with price formation (e.g., market based pricing, cost plus 
charging, negotiation between provider and consumer, management set pricing), 
some are accounting methods (e.g., activity based costing and fixed/user costs 
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charging), others focus on the choice of allocation units (e.g., metered usage and 
tiered subscriptions), while there are also some that just provide supplementary 
chargeback techniques, such as notional charging . 

2.3. Impact of cloud computing on chargeback  
Recent research on the impact of cloud computing on chargeback shows that 
organizations that want to fully leverage the benefits of the cloud should apply pay-
per-use chargeback practices [8,22]. Per-use charging for cloud services prevents an 
explosion in consumption and the subsequent increase in costs that can offset the cost 
reduction benefits of the cloud. Furthermore, for internal users, no pay-per-use 
chargeback for cloud services diminishes the business value of cloud computing. 
From a business perspective, pay-per-use is an advantage because costs follow value 
generation and demand, subsequently allowing efficient use of capital and flexibility 
in consumption behavior . 
To sum up, the usage of chargeback for cloud computing is compelling . 
However, there are numerous challenges to it [23].  

[TABLE 1]  

[TABLE 2]  
For costs of the shared virtualized infrastructure behind the cloud? What pricing 
models (e.g., subscriptions or some forms of metered service consumption) are most 
suitable for the different types of cloud services? How to charge the costs of the 
over-provisioned resources that are necessary to enable elastic scaling?  

2.4. Related work in chargeback for cloud services  
As cloud services are starting to reach a stable platform of adoption [24], cost 
analysis of cloud solutions are getting more and more important. These so-called 
‘‘Cloud Economics’’ or ‘‘Cloudonomics’’ [25] are being covered in scientific 
research. Talukder, Zimmerman and Prahalad [25], for instance, provide an overview 
of cloud economics. Several works have contributed towards the development of 
methods to perform cloud economics analysis, such as Martens et al. [24], evaluated 
the possibility of a total cost of ownership approach. Tak et al. [26] evaluated cloud 
adoption for in-house developed applications and Wang et al. [27] described pricing 
fairness of cloud computing. However, none of these works discuss chargeback. 
Activity based costing, which tends to be applied in cloud services has a history of 
over two decades, but current literature does not mention cloud chargeback services 
either [28]. This may be because of the difficulty of the actual metering in cloud 
environments, as Iyer et al. show [29]. Sekar and Maniatis [30] also note that the 
accountability of metering can be an issue in the cloud . 

3. RESEARCH METHOD  
The research described in this article applies the Design Science Research 
methodology, specifically the design science in information system research method 
by Hevner et al. [31]. The research relevance is formulated due to the fact that there 
are no chargeback models and/or guidelines to help organizations to design or adapt 
their chargeback models for a cloud environment in the scientific and management 
literature . 
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At the same time, the problem is growing with importance as large organizations, the 
typical users of chargeback models, are moving towards cloud computing as a way to 
provisioning IT capabilities . 
Consequently, the need to do chargeback for a cloud environment is inevitable . 
The overall research process, depicted in Fig. 1, is adopted in this research. In Phase 
I, a systematic literature review (SLR) is conducted to identify the chargeback factors 
mentioned in the literature. In Phase II, twenty-five interviews with chargeback 
experts are conducted to identify factors that influence chargeback and to cross-
validate those with the initial list of chargeback factors aggregated from Phase I . 
At the time of the investigation, there was no prior research in chargeback models for 
cloud services. Results from an SLR would thus only provide a theoretical basis that 
is inspired or influenced by traditional (IT) chargeback models. To extend this 
theoretical basis, and discover non-documented factors from practices, expert 
interviews (Phase II) are held. The expert interviews not only added new factors that 
were not found in the literature, but also facilitated the successful validation of the 
findings of the SLR. Phase II results in an extensive list of factors that influence 
chargeback: the factors from both the SLR and the interviews . 
Finally, in Phase III, the identified chargeback factors are empirically validated 
through focused workshops and two in-depth evaluation interviews . 
In the following sub-sections, each phase is explained in detail . 

3.1. Phase  
I In Phase I, an SLR is conducted, as suggested in [32,33] to identify the factors that 
influence the chargeback explicitly mentioned in the literature. Initially, a search 
query was developed by combining the key terms and their synonyms. Table 3 
depicts the key terms used to develop the search query . 
The search string was then constructed using Boolean ‘‘AND’’ to connect the 
keywords and Boolean ‘‘OR’’ to allow synonyms and word variants of each 
keyword. The resulting search string is then executed in digital libraries/indexing 
services such as Google scholar, ISI web of knowledge . 
The abstracts of the list of papers retrieved were then studied to find the relevance. 
We employed exclusion criteria to filter out unnecessary papers. 

[FIGURE 1]  

[TABLE 3] 
For instance, more than 50% of the retrieved papers were related with chargeback in 
the banking field, which is out of our scope . 
The initial set of papers is termed as ‘‘initial articles’’. Additionally, references of the 
initial articles were followed from the discovered papers to increase the number of 
relevant works. Subsequently, the list of look-up terms was expanded to include 
synonyms of the term chargeback and additional search iteration was conducted. 
Queries on chargeback for cloud services were showing a rather limited set of results 
and all found works were thoroughly reviewed. On the other hand, broader terms 
such as chargeback model or cloud types were listing thousands of results . 
To cope with the large amounts of data, scientific literature found by scholarly search 
engines were reviewed only until a theoretical saturation point was reached. Constant 
Comparison Analysis (CCA) [34], which is used to create knowledge from the data 
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source by avoiding subjective interpretation (i.e., interpretation of the data in 
accordance with the research objectives) technique, was employed to determine the 
saturation point. This is the point at which reviewing more works is hardly adding 
any new relevant information [35]. For cloud computing concept search terms, a 
saturation point was reached at about 100 articles. For chargeback concept search 
terms, saturation was reached on average at 250 articles. The higher number was due 
to the need to investigate the charging topic in greater depth, and also due to the 
usage of the term chargeback in the banking field to refer to the process or reversing 
a bank transaction [36] . 
The analysis of SLR resulted in five factors that influence that chargeback, namely: 
(i) Accuracy, (ii) Cost of Costing, (iii) Transparency and Understandability, (iv) 
Controllability, and (v) Fairness . 
These factors are described in the Results section (Section 4) . 

3.2. Phase II  
In Phase II of the research process, twenty-five semi-structured interviews are 
conducted, aimed at identifying an extensive list of factors that influence chargeback 
success. The results from these interviews are evaluated with the findings of the SLR  

[TABLE 4]  
The field experts interviewed come from IBM and IBM’s client and partner network, 
and have a variety of backgrounds and positions to ensure the generalizability of the 
findings. Five types of stakeholders concerning chargeback were identified: 
executives and board members, chargeback specialists, charges recipients, IT 
specialists, and consultants. Despite the differences in background, the interviewees 
also shared some common characteristics. They are from Dutch origin and work for 
seven different large organizations in The Netherlands. In Table 4, details of each 
organization in terms of industry and size are provided . 
The objective of the interviews is to uncover the factors of chargeback in cloud 
services. The respondents have the opportunity to freely discuss the topic and the 
researcher used this freedom to clarify the questions. The need for free bi-directional 
communication precluded the usage of questionnaires or formally structured 
interviews [37,38]. Semi-structured interviews are preferred over unstructured 
interviews to allow comparison between the responses of the different participants 
and to keep the interviews focused [38] . 
A two-page interview protocol was developed to impose a common structure on all 
interviews. On top of an introduction and a wrap-up, it contained sections about the 
background and experience of the interviewee, unguided questions, guided questions, 
and cross-evaluation. In the introduction, the researcher and the research topic were 
introduced, while the background check was used to determine the stakeholder 
category of the interviewee. In the guided and unguided sections the respondents are 
asked questions such as: ‘‘What characteristics of a chargeback model do you find 
relevant for a chargeback model for cloud services?’’ and ‘‘How do these 
characteristics influence the model?’’ No directions were provided by the 
interviewer, and subsequent questions were asked mainly to clarify what the 
interviewee meant by a certain concept. In the guided part of the interview, the 
concepts identified from literature were introduced and the respondents were asked 
to comment on them. They were also queried for any additional factors that came to 
their mind . 
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Finally, the cross-evaluation phase was used to validate the findings. The wrap-up 
was used to verify whether the researcher had properly captured all the points made 
by the interviewee . 
Furthermore, the twenty-five interviews are used to empirically cross-evaluate the 
findings for correctness and completeness . 
Since it is impossible to determine how many interviews would be necessary to reach 
an ‘‘extensive’’ list a priori, a theoretical data saturation principle is applied to 
empirically determine the required number [35,39]. Interviews are conducted until 
the moment a data saturation point is reached, i.e. the list of discovered forces started 
to converge and no additional factors are brought up in subsequent interviews. At 
this point it was deemed that the probability for additional findings from questioning 
more respondents was too low to justify the required research efforts. The list was 
considered complete at this point . 
Correctness is evaluated by asking the respondents whether all the discovered factors 
could influence the chargeback of a cloud service. Completeness is determined by 
asking the participants to comment on the comprehensiveness of the compiled list. 
This list started at first interview with factors discovered from the literature review 
and the factors that are mentioned in that interview. In each subsequent interview, the 
final list from the previous interview was extended with the factors derived from that 
interview. Since the latter is always larger than the list identified by each individual 
interviewee, the participants mostly made positive comments on comprehensiveness . 
The saturation point is reached at the twenty-fifth interview: after interview twenty-
one, each discovered factor had been mentioned at least four times, and no new 
factor had been identified since the twelfth interview . 
Based on the analysis of the interview, four additional factors were identified, 
namely: (i) Measurability, (ii) Predictability, (iii) Accountability, and (iv) 
Comparability. These factors are described in the Results section (Section 4) . 

3.3. Phase III  
Phase III evaluates the results from the earlier phases. Two approaches are utilized: 
in-depth evaluation interviews and focused workshops, as depicted in Fig. 1 . 
The two interviews, lasting 2 hrs in a semi-structured setting, are held with a 
chargeback expert each. These experts are selected as they are familiar with all 
concepts of chargeback, and have extensive chargeback experience. Both are 
responsible for the design and operation of chargeback models in more than one 
enterprise, including multi-nationals and organizations in the public sector . 
Both interviewees are Dutch and at the time of the interview were working in 
organizations in the Netherlands, one in the public sector, and the other one in the 
financial industry . 
In each interview, the factors gathered from the earlier phases are shown, including 
the relations between one another, to analyze how different factors affect chargeback 
success in a cloud setting . 

[FIGURE 2]  
Finally, participants were asked to make general comments about the model and to 
provide further improvement recommendations . 
Additionally, six workshops are conducted featuring 32 participants in total. The 
number of participants (with the exception of the researcher) in each workshop 
varied between three and ten participants, allowing all participants to actively 
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participate in the discussions. Each workshop lasted between 60 and 90 min, with a 
tendency for the larger workshops to last longer . 
Twelve of the participants in the workshops had previously taken part in Phase II. 
The other twenty participants were new to this research. The nine organizations in 
which the participants work have extensive experience with chargeback. Three 
participants are senior professionals from the French and Belgian IBM offices who 
took part in our fifth workshop through a telepresence conferencing system, while 
the rest are Dutch participants. The details of the role of the workshop participants is 
depicted in Fig. 2 . 
The participants of the evaluation phase are asked to provide feedback on correctness 
and completeness of the identified factors, and to evaluate the relationships between 
the factors. The respondents agreed on the correctness and completeness of both the 
factors and the relationship between the factors and effectiveness and acceptability . 

4. RESULTS  
The findings of the SLR, the interviews of Phase II and the crossevaluation in the 
two interviews and workshops of Phase III are explained in the following sub-
sections. First, factors from the SLR are explained, and based on analysis of those 
factors inferences are discussed. Second, the factors from the analysis of the 
interviews are discussed, including the inferences between those factors . 
Third, all those factors and their inferences are evaluated and consolidated to provide 
a complete overview of the findings . 

4.1. Factors derived from the structured literature review  
A review of the literature reveals five factors that are explicitly mentioned in the 
literature. Furthermore, a few more factors are inferred through detailed analysis. 
The five concepts that are explicitly recognized in the scientific literature to 
influence chargeback are: accuracy, cost of costing, transparency and 
understandability, controllability, and fairness. These factors are described below. (i) 
(i) Accuracy: Accuracy is a factor influencing chargeback success that is universally 
recognized in academia [1,12,5,40,41]. This is a property of a chargeback that 
describes to what extent the charges allocated to an organizational unit for each 
service accurately approximate the actual costs incurred by the organization for 
delivering the service to the unit. The better the costs are approximated with the 
charges, the higher the accuracy of the chargeback . 
High accuracy has a profound two-fold effect on the chargeback. First, it is 
conducive to realizing cost reductions, because it bases both provisioning and 
consumption decisions on actual costs [12,40]. Second, it makes chargeback more 
acceptable to the involved stakeholders, because it motivates the correctness of the 
charges and prevents attempts for overthrowing the model based on low accuracy 
arguments [5] . 
(ii) Cost of costing: While high accuracy has positive impact on the chargeback 
model, it might be expensive to achieve. The term cost of costing is used to quantify 
the costs of operating chargeback and accounting models, and to offset these costs 
against potential benefits [21,42,43]. Operating a chargeback model is associated 
with significant design, implementation, labor, and IT systems costs. Therefore, 
chargeback designers should take the costing factor into account in order to develop 
chargeback models of which the benefits outweigh the related expenses . 
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Cost of costing has a negative impact on chargeback, because those costs offset the 
cost savings realized through chargeback. However, costs incurred by, for example, 
investing in improved accuracy can positively influence chargeback as accuracy has 
a positive influence on chargeback models (as described above) . 
Therefore, the design of a chargeback model should be optimized to balance the cost 
of costing with factors that positively influence chargeback model such as accuracy 
[42,43] . 
In the context of IT chargeback, cost of measurement is synonymously used to refer 
to the costs related to the precise measurement and allocation of the costs of IT 
services. The more elaborate the accounting methods used, the higher the accuracy 
and the cost of costing. Another synonym is the cost of errors which refers to the 
costs of missed benefits or errors made due to low accuracy of the chargeback model 
[42] . 
For instance, such errors might lead to sub-optimal provisioning or consumption 
decisions. High cost of errors is a product of low accuracy. Therefore, the lower cost 
of measurement that accompanies low accuracy is negatively compensated by high 
cost of errors. In line with this reasoning, the design of a chargeback model should be 
optimized to balance between costs and accuracy in order to reach an optimal 
balance that best suits the organizational goals [42,43] . 
(iii) Transparency and understandability: Researchers who investigate 
organizational behavior in relation to chargeback note that a chargeback should be 
understandable and transparent to the involved stakeholders [12,16]. 
Understandability describes whether the recipients understand what they are charged 
for i.e., do they understand the units of service and their prices? Charges for cloud 
services based on a user subscription are more understandable than charges based on 
utilized CPU cycles. Transparency, on the other hand, describes whether the 
involved stakeholders understand how the charges are formed. Therefore, 
Transparency characterizes the capability of stakeholders to comprehend the 
chargeback model and the opportunity to enjoy non-obscure chargeback processes, 
while understandability deals with the capability to understand the charges, the end 
product of applying the chargeback model . 
Transparency and understandability are closely related and discussed together in the 
literature [12,16]. Understandability is necessary in order to have transparency, 
because lack of understanding of the charges themselves (low understandability) 
leads to inability to comprehend the process of forming the charges (low 
transparency). The major effect of transparency and understandability on chargeback 
is related to obtaining stakeholders’ buy-in. Low transparency and understandability 
lead to resentment of the chargeback [12,16] . 
(iv) Controllability: Nolan [44] uses the Controllability concept to denote to what 
extent consumers are in control of their IT costs. Chargeback models that enable 
users to have impact on IT bills by changing consumption behavior have high 
controllability . 
On the contrary, if users cannot influence IT bills, then controllability is low . 
Controllability has profound impact on chargeback. On the one hand, it is essential to 
enable cost reduction opportunities on the consumption side, because it allows 
managers to reduce their IT bills by changing consumption behavior. On the other 
hand, controllability influences the users’ acceptability for the chargeback model 
[44]. Low controllability leads to resentment, because chargeback is perceived as an 
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unnecessary overhead that does not benefit managers, while high control allows them 
to realize cost reductions and accept the chargeback model . 
(v) Fairness: Fairness is another concept investigated by chargeback researchers 
[17,41]. Those authors dub Perceived Fairness (PF) as ‘‘the key to chargeback 
systems effectiveness’’. In their works, Allocative Fairness is used as a synonym to 
accuracy, while PF refers to user’s perception of how fair the method is. It is unclear, 
however, whether in this case the term fair can be used as a synonym to the words 
‘‘just’’ or ‘‘unprejudiced’’ . 
Managers’ self-interest and opportunism lead to perception of high fairness only 
when the chargeback model is consistent with their goals (e.g. allows them to get a 
higher bonus because their profit increases due to lower IT costs). On the other hand, 
if a chargeback model is highly accurate, or ‘‘allocatively’’ fair, but leads to higher 
IT costs for a manager, he/she might be likely to perceive the model as unfair. It may 
be inferred that Fairness and transparency are synonymous, however Hufnagel and 
Birnberg [17,41] do not mention transparency in their work . 
The term PF could be considered a misnomer, because of its slightly contradictory 
meaning to the word fair (just, unprejudiced) . 
Nevertheless, it is a proper concept to describe stakeholders’ attitude towards the 
chargeback model and whether they are likely to accept (high PF) or reject it [17,41]  
Table 5 summarizes the factors identified from the literature study . 
Inferred factors: A close inspection of the above factors influencing chargeback 
reveals that their impact is realized in two separate ways. The examined factors 
either affect the effectiveness of the chargeback model [1,12,19,44,45], or the 
acceptability to the stakeholders [12,16,17,41,44]. These two aspects of chargeback 
are used in the literature (see above) to describe how accuracy, cost of costing, 
transparency and understandability, and controllability influence chargeback. 
Following the findings of the SLR, Fig. 3 visualizes how acceptability and 
effectiveness can be recognized as two high level dimensions that explain how the 
other forces influence chargeback. Solid arrows visualize a positive relationship, 
while the dashed ones depict a negative relationship. Fairness is merged into 
acceptability and is discussed further below . 
(i) Effectiveness determines whether the chargeback stimulates the desired 
chargeback results, such as cost awareness and control, behavior steering, 
minimization of internal conflicts, more competitive costing and pricing . 

[TABLE 5]  
(ii) Acceptability describes whether all the involved stakeholders find the 
chargeback acceptable. High acceptability means that stakeholders agree and are 
supportive of the chargeback process, while low acceptability stands for the lack of 
support and results in resentment of the chargeback . 
In Fig. 3, fairness has been merged into acceptability because the latter excellently 
captures the meaning implied by Hufnagel and Birnberg [17,41]. The substitution is 
appropriate, because Hufnagel and Birnberg equate low perceived fairness to the 
resentment of the chargeback, while high perceived fairness is considered equivalent 
to the acceptance of the chargeback . 

4.2. Factors derived from the interviews  
The results of the interviews confirmed the relevance of the factors discussed in 
Section 4.1 and depicted in Fig. 3. Furthermore, four additional factors were found to 
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be conducive to chargeback, and to be especially relevant in a cloud environment. 
These are Measurability, Predictability, Accountability, and Comparability . 
Table 6 displays how the respondents mentioned each factor during the interviews. 
Subsequently the newly discovered factors are explained. Fig. 4 shows the factors 
newly discovered from the interviews . 
(i) Measurability: Is a concept that is mentioned mostly by the interviewed IT 
specialists (43%) who have in-depth experience with cloud computing. The term is 
used to refer to the degree of ease with which the chargeback allowed measuring the 
amount of consumption units used and the ability to allocate those consumed units. 
For example, if a certain service is charged based on completed transactions, it 
should be possible to count the amount of completed transactions over a charging 
period and by whom they are executed. High measurability implies that it is possible 
to measure usage without highly specialized or custom made metering systems, 
while low measurability requires such technology . 
The interviewees motivated the importance of measurability, by explaining that it 
was difficult to measure usage in the shared virtualized infrastructure in the cloud 
and that there are still a number of technical limitations on metering systems, 
especially when it came to charging units such as CPU cycles or memory usage. Yet, 
as one respondent remarked ‘‘(. . . ) usage based charging [is] possible only through 
measuring’’ . 
Regarding the impact of measurability on chargeback, the interviewees suggested 
that it positively influenced both acceptability and effectiveness. From an 
effectiveness perspective the capability to gather detailed usage data allowed for 
effective decision making and more accurate charges. On the other hand, high 
measurability reassured the stakeholders in the accuracy of the chargeback, 
consequently improving acceptability . 
(ii) Predictability: It describes to what extent chargeback recipients are able to 
predict future bills. Predictability becomes far more significant in a cloud 
environment, because pay-per-use and elastic scaling of resources could lead to 
fluctuating bills that tend to bother budget minded managers. The latter do not mind 
bills that are smaller than expected, but it turns out that they are afraid of bills that 
greatly exceed expectations. Despite these concerns, the interviewees commented 
that predictability did not impact the effectiveness of the chargeback . 
It affected only the acceptability, as unpredictability led to resentment towards the 
chargeback . 
(iii) Accountability: Is the extent to which recipients are able to verify the 
correctness of the bill. The easier it is to verify the charges, the higher the 
accountability, and consequently, the higher the acceptability. Fixed subscription 
fees on a per user basis offer the highest accountability, because managers are able to 
multiply the number of people in their team by the subscription fee and verify the 
correctness the bill. However, accountability decreases when metering of IT resource 
consumption is involved, such as transactions made and bandwidth consumed, 
because that requires higher technical competence from managers and access to 
specialized IT systems . 
The respondents motivated the relevance of accountability by explaining that they 
often witnessed disputes, sometimes well-grounded, over the correctness of the bill. 
One interviewee summarized the general opinion as follows: ‘‘The lower the 
accountability, the more often you see disputes over the bill’’ . 

http://www.nivel.eu/


Baars, T., Khadka, R., Stefanov, H., Jansen, S., Batenburg, R., Heusden, E. van. Chargeback for 
cloud services. Future Generation Computer System: 2014, 41, 91-103 

This is a NIVEL certified Post Print, more info at http://www.nivel.eu 

(iv) Comparability: It is the degree to which consumers are able to compare the 
prices of internally provisioned services to similar or equivalent services offered on 
the market. The standardization characteristic of the cloud leads to the availability of 
highly similar standardized services available on the market . 
Therefore, in a cloud environment it becomes much easier to benchmark IT costs on 
a per-service basis. Yet, this still depends on how the chargeback is designed, and 
whether internal service pricing follows the pricing patterns of public providers. If 
the chargeback is designed in a way that allows easy price comparison, then 
comparability is high. This results in cost reductions on the delivery side, because 
internal users who are able to compare prices start to exercise pressure for more 
efficient IT delivery on the IT department . 

4.3. Consolidated factors from the SLR and the interviews  
As described in Section 4.1, the factors resulting from Phase I are evaluated during 
the semi-structured interviews in Phase II . 
This happened as interviewees would mention those factors individually or because 
the interviewer explicitly evaluated them . 
Nonetheless, the interviewees confirmed the factors found in the literature (depicted 
in Fig. 3) and the relations between the factors and the two high-level dimensions: 
Acceptability and Effectiveness . 
Furthermore, the results from the interviews extended those of the SLR by providing 
4 additional factors not found in the literature (see Fig. 4). As the saturation method 
assured recurring factors and excluded isolated artifacts, the factors presented in Fig. 
3 can thus be merged with the factors presented in Fig. 4 . 
The consolidated factors for the chargeback in cloud service are depicted in Fig. 5. 
This consolidated model is presented to the experts in the workshops and during the 
two in-depth interviews. Specific questions are asked regarding the validity of the 
factors and the relationships presented. The participants could not add factors  

[FIGURE 4]  

[TABLE 6]  
even though they were specifically asked to think whether the presented findings 
reminded them of factors not listed. On the contrary, affirmative comments stated 
that the list contained factors that were relevant for a variety of stakeholders. One of 
the interviewees summarized that ‘‘a great thing about the list [is] that it contain[ s] 
the concerns of different types of people. [He] would not have thought of all those’’ . 
The cross-validation shows that the compiled list of characteristics influencing 
chargeback model could be considered as comprehensive not only from a theoretical, 
but also from an empirical perspective. Moreover, the evaluation confirmed the 
expectations that the attitude of different types of stakeholders towards chargeback 
might differ, depending on their expertise and professional and personal interest. 
Finally, the interviewees approved the findings and positively commented on their 
value as a foundational work that can be used to guide chargeback design decisions. 
Table 7 summarizes these results, describing each factor and its relation to 
Acceptability and/or Effectiveness . 
Below the final factors are described in detail . 
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Predictability was added to the model as a factor influencing acceptability as it was 
mentioned to be a determining factor in payper- use services. It thus influences 
acceptability of these services can influence not only chargeback model but the 
acceptance of the complete service offering. New methods are being developed for 
predicting cloud costs on the architecture level [46–49] and on a managerial level 
[50,51] . 
Transparency and understandability was mentioned by 48% of the respondents, 
with the majority being Chargeback specialists. It influences the acceptability of a 
chargeback model as it measures the understanding users have of the measured units 
in the model and how they reflect the costs involved. It has an interesting relation 
with accuracy: respondents said that, for example, measuring network bandwidth is 
very accurate, but users tend to find bandwidth less comprehensible and transparent. 
This of course differs per user base . 
Accountability prevents disputes in the chargeback practice, providing the ability for 
users to verify the bills incurred, and is therefore clearly a factor influencing 
acceptability. Fixed subscription fees on a per user basis offer the highest 
accountability, because managers are just able to multiply the number of people in 
their team by the amount of the subscription fees and verify the correctness of the 
bill. However, when metering the consumption of IT resources is involved, such as 
transactionsmade and bandwidth  

[FIGURE 5]  

[TABLE 7]  
consumed, accountability decreases. Verifying the bill in such cases requires the 
capability to verify the amount of used consumption units . 
Measurability adds transparency. The better the measurability of services, the more 
effective the chargeback is, thus influencing both effectiveness and acceptability. As 
certain costs are hard to measure, such as cache usage [52], high level methods of 
metering can be used to improve measurability. These could be based on SLAs [53–
56], or so-called Smart Metering as introduced by Singh and Vara [57], or take a 
higher level unit as base for measuring such as the amount of users registered . 
Accuracy was mentioned by 21 interviewees, 84% of the total. This is in line with 
the literature that mentions accuracy universally . 
Although multiple respondents referred to accuracy as precision, correctness or 
fairness, unanimous they stated it covers the extent to which the charges allocated to 
an organizational unit for each service accurately approximate the actual costs 
incurred by the organization for delivering the service to the unit. As it influences the 
ability of an organization to promote cost-awareness and cost reduction and to avoid 
subsidization due to the accurate results of cost allocation, it directly influences 
effectiveness of a chargeback . 
As the correctness is influenced by accuracy, stakeholders will trust the billing and 
thus accuracy improves acceptability. The accuracy differs per measuring units, since 
some units are easier to measure than other (cf. measurability). Choosing the correct 
measuring unit is of paramount importance to reach a high level of accuracy . 
Controllability is both being discussed in the literature as by eight respondents in 
the interviews. It determines whether chargeback recipients are in control of their IT 
costs. Charges recipients should be able to understand how specific changes in usage 
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behavior would influence their bill. This is essential for the effectiveness of the 
model, because this is the driving force most conducive to changes in consumption 
behavior and subsequent to reductions in costs . 
The interviewees explained that if changes in usage were immediately reflected in IT 
bills, chargeback recipients found the chargeback method more acceptable and as 
less overhead, because they saw the change as a direct consequence of their actions. 
This further stimulated them for more changes in consumption behavior and also led 
to an increase in effectiveness. Current research investigates cost-awareness in cloud 
computing, such as the work of Han et al. [58], explaining the cost-awareness 
elasticity to keep costs in control without losing elasticity of the infrastructure. 
Similarly, the work of León, Trinh and Navarro [59] investigates local resource 
congestion prevention . 
Comparability only affects the effectiveness of a chargeback model as it describes 
the measure of which different cloud services are comparable to one another. This 
effectively means that if a service can be easily compared against its competitors, it 
will make the chargeback model more effective. One of the characteristics of the 
cloud is standardization and this leads to the availability of (near) similar and 
standardized services available publicly and on demand. In a traditional IT 
environment where services are customized and rarely publicly provisioned in a 
standardized manner, it is difficult to benchmark IT costs on a per service basis. It is 
usually only possible to compare IT budgets in the same industry . 
However, due to the transition to cloud computing it becomes possible to easily 
compare prices of standardized services. Yet, this still depends on how the 
chargeback is designed, and whether internal service pricing follows the pricing 
patterns outlined by public providers. If the chargeback is designed in a way that 
allows easy price comparison, then comparability is high . 
High comparability allows users to compare prices to external providers and exercise 
pressure on the internal IT department for more cost-effective service provisioning. 
In turn, this results in an increase in effectiveness due to cost reductions on the 
delivery side. Breskovic, Altmann and Brandic [60] present an overview of 
electronic markets and how products can be standardized of such markets . 
Finally, Cost of Costing influences Effectiveness negatively. As a property of a 
chargeback, the Cost of Costing refers to the expected costs of chargeback design, 
implementation, and operation . 
Such costs offset part of the cost reduction benefits. This decreases effectiveness and 
lowers the usefulness of chargeback as a cost reduction tool . 

5. DISCUSSION  
A closer analysis of the results provides additional insights about the chargeback 
landscape. Section 5.1 describes the difference between chargeback for cloud 
services and chargeback for traditional IT environments and Section 5.2 describes 
the different perspectives from the various stakeholders of chargeback models . 
Finally, Section 5.3 describes the threats to validity of this research . 

5.1. The influence of cloud services on chargeback  
The interview results show that the current chargeback literature is almost oblivious 
in regards to cloud computing and that further research in the field is necessary. This 
is suggested by the fact that all the factors identified through the SLR hold for both 
traditional IT and cloud environments. However, the interviewees put forward the 
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additional factors (measurability, predictability, accountability and comparability) for 
chargeback in the cloud . 
• Measurability pertains to cloud computing as new units of measurement such as 
CPU time and memory usage are introduced . 
Some of these are harder to measure than others . 
• Predictability is introduced because new units of measurement (CPU time, memory 
usage, etc.) can spike at unforeseen moments, possibly resulting in high costs. The 
level and occurrence of these spikes determine the predictability measure. • 
Accountability is important in cloud chargeback because the measurability can be 
fine grained (e.g. megabytes of RAM) and it can be difficult to determine who is 
using which resources . 
• Comparability pertains to cloud chargeback as in the cloud many service providers 
offer a comparable service. This allows users to compare these services and select 
the best fit. As services in the cloud are mostly virtual, comparing and switching are 
relatively easy . 
Cloud computing brings highly abstracted, shared resources at near instantaneous 
scalability and flexibility to IT environments [61] . 
As found from the literature research, current chargeback models do not account for 
this. The aforementioned factors extend chargeback to account for the characteristics 
that cloud computing brings to the traditional IT environment . 
These findings contribute to the understanding of how cloud impacts chargeback 
models and assist organizations that need to implement cloud-specific chargeback 
models as part of the transition to the cloud . 

5.2. Stakeholder motivations  
An intriguing conclusion that can be drawn from Table 6, is that different types of 
stakeholders tend to recognize different factors . 
This can be used to better explain the chargeback landscape, the rationale behind the 
behavior of individual stakeholders, and thus to remind chargeback designers to 
address the unique concerns of all stakeholders . 
Some notable patterns that can be identified from the results are the following: • 
Chargeback specialists do not seem to be concerned with the cost of costing as only 
one out of six specialists mentioned it . 
• Executives on the other hand do not seem concerned with accountability or 
controllability but 50% do mention cost of costing . 
• Measurability is a force recognized mainly by IT specialists, all consultants who 
did mention it are chargeback specialists as well . 
• Predictability tends to be mainly a concern of chargeback recipients (44% 
mentioned it) and IT specialists (79%), but not of chargeback specialists (only one, 
17%) . 
• Comparability is mentioned by 4 respondents (16%) of whom none are recipients . 
The fact that chargeback specialists did not mention the cost of costing at first sight 
is rather perplexing, because these professionals usually have strong accounting 
backgrounds and their task is to keep an overview of the involved financials. One 
plausible explanation that was supported during the interviews is that the negative 
impact of cost of costing is largely offset by the benefits arising from investing in 
improving other factors. Yet, this view seems to contradict previous research [42] . 
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Opportunism might provide an explanation why chargeback specialists tend to avoid 
recognizing the importance of cost of costing . 
First, higher cost of costing could be expected to provide more work for the 
chargeback specialists and to lead to increased job security . 
Second, complex and expensive chargeback model is more challenging and 
interesting from a practitioner’s point of view, and thus could be regarded as a source 
of professional satisfaction . 
This opportunism might also be a reason for the executives to mention cost of 
costing, accuracy and effectiveness on the top of their list (50% of the executives 
mentioned these), but not to mention controllability and accountability, the methods 
to provide proof of the three factors (costing, accuracy and effectiveness). This could 
also indicate that executives look at the results, which influences their pay, without 
being concerned how these results are made. The relative lack of interest in 
predictability and measurability from chargeback specialists further suggests that 
chargeback for cloud computing is poorly understood, and that the current practices 
fail to leverage pay-per-use. If it were otherwise, then the concerns of IT specialists 
about both predictability and measurability would have had proliferated also to 
chargeback specialists . 
While comparability could help chargeback recipients in their work and reduce costs 
of their teams, none mentioned comparability as a factor. This is striking as they are 
the user group that should be able to leverage comparability the most. Consultants, 
IT and chargeback-specialists did mention comparability. This could indicate the 
aforementioned opportunism, as comparability involves an overhead to implement it, 
thus more effort by those parties . 
On top of information about the current chargeback practices, the discussion from 
Phase III also confirms that chargeback involves a lot of political play and 
opportunistic behavior. For example, chargeback specialists might be inclined to 
adopt heavy chargeback processes both for job security and out of professional 
interest. Chargeback recipients might show resentment for the charging practices if 
the latter put them at a disadvantage, and external consultants and solution providers 
might have incentives to push through expensive technology and services. Therefore, 
chargeback designers should be well aware of possible opportunistic behavior and 
should take into account the positions of all stakeholders, as well as all the factors 
influencing the chargeback . 
Also, the rate of change in this field is high, i.e. these experts have to change all their 
smart rules (and the software systems that depend on those rules), which is both 
challenging and costly . 

5.3. Threats to validity  
The findings reported in this research are the results solely based on empirical 
observations. The result of this research is a preliminary step towards documenting 
factors for a successful chargeback model in a cloud environment. Hence, the 
findings are suggestive rather than conclusive. Due to empirical nature of the 
research approach, the research is subjected to bias. In the following sub-sections, the 
most relevant threats to validity are discussed with the countermeasures that have 
been undertaken to minimize the threats . 
Reliability (construct) validity [62] refers to the extent to which concepts being 
studied are operationalized and measured correctly . 
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In our research, we have followed specific guidelines to conduct an SLR to find out 
the factors from the literature, which reduces the threat to reliability validity. 
Furthermore, the interviews were also conducted with a standard guideline which 
reduced the chances of misunderstanding. In addition, we have used data saturation 
principle to support the validity of the findings in both the SLR and the interviews, 
thereby minimizing the threats to reliability (construct) validity . 
Generalizability (External) validity [62] refers to the extent to which the findings can 
be generalized. In our research, the potential threat to generalizability is due to the 
fact that the research was conducted within the scope of IBM, IBM’s client and 
partner network. Nevertheless, there are a number of reasons that allow for a reliable 
generalization of the results . 
First, no evidence for significant differences between chargeback practices in 
European and non-European environments was found in the literature. Second, the 
results from this work confirm the findings from the predominantly US based 
literature used for this research. Third, the majority of the newly discovered criteria 
was mainly related to the technology characteristics of the cloud and is globally 
valid. Finally, the findings are motivated by location independent arguments why 
certain forces impact success. Due to all those reasons, it can be considered relatively 
safe to assume that the findings are valid at a global level. Another potential threat to 
generalizability is that the results rely mostly on IBM’s chargeback expertise, 
because more than half the respondents were affiliated with IBM. However, the aim 
of this research was to provide an extensive set of factors influencing chargeback 
success, rather than to rank the different factors in importance or to describe how 
chargeback concerns differed between organizations. Therefore, any corporate bias 
was prevented and expanding the list of interviewees with additional respondents 
with broad chargeback and cloud experience from IBM helped to create a complete 
list of influential chargeback factors. Also, the diverse industrial categories of the 
interview participants are a countermeasure to the threats to generalizability . 

6. CONCLUSION  
This research provides an overview of the factors that should be taken into account in 
the process developing a chargeback model for cloud computing. Eight factors are 
empirically validated which influence chargeback concerning cloud services – 
accuracy, cost of costing, transparency and understandability, controllability, 
measurability, predictability, accountability, and comparability – and their impact on 
chargeback models is explained through two higher level variables, acceptability and 
effectiveness. The findings suggest that to develop a successful chargeback model, 
chargeback designers should try to optimally balance between the presented 
dimensions and should address the concerns of the different stakeholders . 
The findings can promptly assist organizations that need to implement cloud-specific 
chargeback models as part of the transition to the cloud. Rather than summarizing the 
accumulated chargeback experience once the transition is in a more developed stage, 
this research provides timely empirical findings that can enable immediate actions 
and future research that could further facilitate the move to the cloud . 
This research contributes to the understanding of the impact of cloud computing on 
chargeback. The findings can be leveraged by researchers to develop cloud-friendly 
chargeback models and methods that assist chargeback designers to create such 
models . 
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This work empirically confirms the findings of a large body of literature, and extends 
their work with additional factors specific for chargeback in cloud computing. 
Finally, it enables further research on the development of more cloud-specific 
chargeback models that can further improve how organizations benefit from 
chargeback models in a cloud computing setting . 
In times of common views that IT investments do not pay back [63,64], leveraging 
the findings could help improve the effectiveness of delivering and using IT in 
contemporary organizations . 
To start with, cloud adopters can benefit from this work by implementing chargeback 
models that can help them leverage the cost advantages and business flexibility of the 
cloud and further reduce IT costs. Moreover, the results can be useful to cloud 
providers and providers of chargeback systems and services. Cloud providers can 
benefit by more knowledge about the chargeback requirements of their clients in 
order to offer competitive pricing schemes. Vendors of chargeback software can 
update their products to better support cloud-specific chargeback models. Finally, 
providers of chargeback services can also use it to convince their clients of the value 
of external help in chargeback design and implementation . 
Several directions have been identified as of future work. To start with, this study 
could be replicated with different companies and in different geographic areas to 
explore whether there are additional factors that influence chargeback in cloud 
services in those environments and thus, contributing towards the generalizability of 
the findings. However, the findings presented here enable further research with far 
more significant contributions. An interesting future work is to quantitatively analyze 
the effects of the individual factors on chargeback factors leading towards the 
ranking of the factors based on importance and allow for an investigation why certain 
factors in chargeback are effective and what can be done to effectively improve 
chargeback. It would be interesting to see if models that exploit non-dedicated 
resources for cloud/grid computing [48,65–67] could be integrated with chargeback 
models. This would allow for a synergy between economic and technical aspects 
which would be compelling, but also integrating just the economic perspectives of 
both non-dedicated resource exploitation with chargeback modeling would be an 
interesting case as it potentially could show the economic value of both models. It 
would also be interesting to relate the identified factors with the service level 
agreements of the cloud services and to identify how this would impact the 
chargeback of the cloud services . 
Finally, the findings of this research should be validated with a case study so as to 
provide an experimental evaluation result . 
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